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IntroDUctIon
The sternum, a flat bone located in the middle of the chest, forms part of the anterior thoracic wall overlying the heart and great vessels in the middle mediastinum. It consists of three parts: manubrium, body and xiphoid process. The manubrium, the superior part of the sternum, is located anterior to third and fourth thoracic vertebrae and is somewhat triangular in shape. The body of the sternum is located anterior to fifth and ninth thoracic vertebrae. It is longer, thinner and narrower than the manubrium, but its width varies owing to the scalloping of its lateral borders by the costal notches [15] . The xiphoid process is a thin sword-shaped process and is the smallest and most variable part of the sternum. Its caudal end is related to the central tendon of the diaphragm and inferior border of the heart [24] . The manubrium and body lie in slightly different planes; hence, their junction forms a projecting sternal angle or angle of Louis, named after a French Surgeon and Physiologist who first described it [15] . A misplaced sternal angle is one that does not correspond to the second costal notch; while an additional sternal symphysis means more than one sternal symphysis, the extra ones being misplaced. Sternal foramina and clefts are openings or defects frequently manifesting at the inferior parts of the sternum. Whereas foramina are round or oval in shape, clefts are midline longitudinal defects [7, 8] .
Anatomical variations of the sternal angle are unique happenings of major clinical significance. For instance, a misplaced sternal angle may cause inaccurate counting of ribs thereby complicating intercostal nerve blocks, needle thoracostomies and physical examination of the chest. A misplaced sternal angle is also associated with increased risk of sternal fractures in blunt chest trauma [24] . An additional sternal symphysis can mimic a fracture, traumatic fissure or an osteolytic lesion during sternal imaging [4, 27] . Radiologists should be aware and suspicious of this variant as a potential differential diagnosis. Sternal anomalies like foramina and clefts are also known to be clinically important. Fatal cardiac tamponade, resulting from congenital sternal foramen located in the inferior part of the sternum, has been reported during sternal puncture for bone marrow biopsy or acupuncture [11, 26] . The awareness of the presence of sternal foramen to prevent this fatal complication is paramount. This can be achieved by avoiding the inferior part of the sternal body during bone marrow aspiration. A sternal cleft is a rare congenital defect of the anterior chest wall and is the result of a failed midline fusion of the sternum. There are complete and incomplete forms depending on the degree of separation. The clinical significance is that it leaves the heart and great vessels unprotected [9] and could also be mistaken for a sternal fracture [6] .
Sternal variations and anomalies are rarely reported in the African population. A prevalence of 37.6% of anatomical variations of the sternal angle has been recently reported in Kenya [8] . In another Kenyan study, sternal foramina and bifurcation of the xiphisternum were found in 11 (13.8%) and 10 (12.5%) cases respectively [7] . Of the 11 sternal foramina, 9 (81.8%) was on the sternal body, where they predominantly occurred at the fifth intercostal segment [7] . With the increasing road traffic crash-related trauma in Uganda [2] , it is important for clinicians to be aware and suspicious of the aforementioned variations and anomalies so as to avoid misdiagnosis as fracture or traumatic fissure. However to the best of our knowledge, there is limited work done on sternal anomalies in Uganda, with only a single sternal variation in a case study previously reported [16] . Yet these variations and abnormalities may influence clinical procedures and diagnosis such as intercostal nerve blocks, interpretation of sternal images and evaluation of chest trauma, among other thoracic procedures and diagnostics [7, 8, 21] .
The current study therefore aimed to determine the anatomical variations of the sternal angle and anomalies of the sternum among adult human sterna in the Galloway osteological collection at the Department of Anatomy, Makerere University, Uganda.
MAterIAls AnD MethoDs
The study population consisted of adult human sterna derived from the Galloway bone collection within the Department of Anatomy, Makerere University. Of the 500 human skeletons currently documented in the collection, only 100 sterna were available for investigation at the time of this study. This collection of bones commenced in 1947. They were obtained by maceration of cadaveric specimens and have been in existence for nearly 70 years. All specimens aged 18-45 years with attached manubriosternal symphysis were included in the study. Broken and incomplete sterna as well as those without sex or age record were excluded. According to Gay and Airasian [10] , if the known population is 100 or less, then 100% of that population should be included in the study. Since for this study, the available population was 100, the sample size for this study was taken as 100. However, only a total of 85 sterna were utilised (as per the inclusion criteria of this study). For the purpose of the study, the sterna were retrieved from the archives and were scrutinised for viability and whether they met the inclusion criteria. Demographic details (age and sex) were obtained from the catalogue of bones in the Anatomy Laboratory.
The sternal angle was measured on a flat surface using three landmarks: a point immediately below the inferior end of clavicular notch, one immediately below manubriosternal junction, and a point inferior to the fourth costal notch [21] . Two lines were drawn to join these points (Fig. 1A ) and the angle subtended was measured using a Draper Expert 52430 universal bevel protractor set (Draper Tools LTD, Hampshire, UK: accuracy ± 0.5°; Fig. 1C ). Manubrium length, on the other hand, was measured from the centre of the jugular notch to the centre of the sternal synchondrosis (Fig. 1A) , as previously reported [21] , using a Draper Expert 52427 digital vernier calliper (Draper Tools LTD, Hampshire, UK: accuracy ± 0.01 mm; Fig. 1B ). Measurements were taken by two observers at two separate sittings and averages recorded. Any angle out of the reference interval of 155-175 o and any manubrium longer than 58.8 mm in males and 56.9 mm in females were considered exaggerated and abnormally long, respectively [21] . The location of the angle and number of sternal symphyses were also recorded. The sternal angle was considered misplaced if it did not correspond with the second costal notch. Photographs of representative sterna were taken using a Coolpix S2900 digital camera (Nikon Corporation, Tokyo, Japan) with a resolution of 20.1 megapixels. Data was analysed using SPSS version 21.0 (Windows TM Inc., Chicago, USA) and from general descriptive statistics, means and standard deviations of the measured parameters were derived. The level of agreement in the readings of the two observers was determined using Cohen's kappa statistics (k). The sex differences were determined using independent Student's t-test and a p value of ≤ 0.05 was considered significant. Ethical approval was obtained from the Makerere University School of Biomedical Sciences Higher Degrees Research and Ethics Committee (approval number SBS 308) before commencement of the study.
resUlts
The two observers agreed moderately (k = 0.621, p = 0.000) and strongly (k = 1.000, p = 0.000) in the respective readings of the size of the sternal angle and manubrium length. Of the 85 specimens examined, only 21 (24.7%) had a xiphoid process. More than three quarters of the specimens were between 21 and 40 years old (70/85, 82.4%) and were males (75/85, 88.2%). The mean age was 32 ± 6.9 years with a standard error of the mean (SEM) being 0.7. The sternal angle ranged from 149.0° to 177.0° with an average of 163.4 ± 6.7° in males and 165.0 ± 6.4 o in females. This difference was however not statistically significant (p = 0.481, 95% CI -6.07 to 2.88). Average manu- brium length, on the other hand was not significantly different, at 46.0 ± 5.0 mm and 43.9 ± 3.8 mm in males and females (p = 0.208, 95% CI -1.19 to 5.37), respectively. Manubriosternal fusion occurred slightly earlier (31.9 ± 6.0 years) than xiphisternal fusion (33.8 ± 8.9 years). A number of sternal variations (Table 1 ) and anomalies (Table 2) were also identified.
DIscUssIon
The authors set out to determine the anatomical variations of the sternal angle and anomalies of the sternum among adult human sterna at the Galloway osteological collection. Exaggerated size of the sternal angle (Table 1 ) and bifid xiphoid (Table 2 ) was the most prevalent sternal variation and anomaly, respectively. A review of literature found two studies [8, 21] that have documented the size of the sternal angle, one in Kenya and the other in Croatia (Table 3) . Table 3 depicts variant sizes of the sternal angle across populations with Ugandan and Kenyan sterna being smaller than Croatian sterna. This difference may be attributed to geographical variations in the size of the angle and probably body mass index, as sample size and methodology used in these studies were similar. Furthermore, the present study found 1 (1.2%) case of grossly exaggerated sternal angle measuring less than 150° (Fig. 2A) . This variant has been associated with sternal fractures in mild trauma to the anterior chest wall [3, 5] . Sternal fractures commonly result from motor vehicle collisions, particularly in restrained A B front seat occupants [18] . Some studies have shown that up to 8% to 10% of hospitalised patients with blunt chest trauma had sternal fractures [12, 13] . This warrants extra caution when evaluating anterior chest wall trauma. Bifurcated xiphoid (Fig. 3) has also been reported in 19 (1.9%) subjects [27] , far from what has been enumerated in the present study (Table 2) . This disparity may be, in part, attributable to racial differences between the populations. Nevertheless, this anomaly may raise alarm for xiphoid fracture [7] and may therefore be considered a differential. Sternal fusions are important in forensic medicine for age estimation [17, 20] . Complete manubriosternal and xiphisternal fusions were observed in the present study (Fig. 2B) , with manubriosternal fusion occurring slightly earlier (31.9 ± 6.0 years) than xiphisternal fusion (33.8 ± 8.9 years). This finding conflicts what is known to most forensic experts, where xiphisternal fusion occurs earlier than manubriosternal fusion and at much later stages of life. Literature in forensic medicine [17, 20] describes fusion of xiphoid process with mesosternum at about 40 years of age and that of manubrium and mesosternum at "very old age" i.e. 55-60 years. However results of studies, each with variant statistics, have disagreed with these assumptions [6, 14, 22, 23, 25, 27] . In view of such diverse and conflicting opinions, studies need to be done for specific populations to generate specific data for forensic use in such populations. With the exception of the present study and a Turkish study by Yekeler et al. [27] , the rest of the studies reporting on manubriosternal and xiphisternal fusions cited here were conducted among Indians. Hence racial differences may be playing a role in the disparities seen.
Sometimes, there is an opening in the body of the sternum called the sternal foramen. This common defect results from abnormal ossification and is of no clinical significance, except that its presence should be identified so that it will not be misinterpreted on a thoracic radiograph as a bullet hole [15] . However, sternal foramina may pose a great hazard during sternal biopsy, due to inadvertent pericardial or great vessel puncture [1, 26] . They can also be misinterpreted as osteolytic lesions in cross-sectional imaging of the sternum [1, 6, 19] . Fatal cardiac tamponade resulting from congenital sternal foramen located in the inferior part of the sternum was seen during sternal puncture for bone marrow biopsy or acupuncture [11, 26] . This calls for avoidance of the inferior parts of the sternum during bone marrow aspiration.
In 2006, sternal foramen located in the corpus was found in 45 (4.5%) subjects by Yekeler et al. [27] . All were present in the inferior part of the sternal body, as were cases identified in the present study (Fig. 3) . The statistics were, however, not consistent with those of the present study (Table 2 ). This disparity may be attributed, in part, to the methodological differences between the two studies as Yekeler et al. [6] used a multi-detector computed tomography scan to study sterna of 1,000 living individuals in Turkey.
Limitations of the study
This study was limited by a small sample size which may affect the generalisability of our findings. Being an institution-based study, the findings may not portray a good picture of the general Ugandan community, and there may be a tendency for self-selection of cases brought to the study institution. Hence anatomical variations of the sternal angle and anomalies of the sternum may be under-or over-reported since potential cases of variations and anomalies within the community may have been excluded or included when assembling the 500 skeletons. A non-random sample was used due to limited specimens in the study department and institution. This may introduce selection bias in the study, similarly leading to over-or under-reporting of sternal variations and anomalies.
conclUsIons Sternal variations and anomalies are prevalent in the Galloway osteological collection. Over 40% of the specimens had variations in size, location and fusion of the sternal angle. Bifid xiphoid (42.9%), followed by sternal foramen (12.9%), were the most frequent sternal anomalies in this collection. There is need for increased awareness of these findings as they may determine the accuracy of clinical and other procedures in the thoracic region.
